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PART THREE: FLASH RECOGNITION - SCALE READING
James W. Osborne, Henry Quastler, Kenyon S. Tweedell With a Contribution by Kellogg V. Wilson
We view information processing as a sequence ©f discrete acts.
Bach unit process has three basic components; an input is registered,
a set of rules is applied, and an output selected and executed accordingly.
The unit processes may partly overlap. The rate at which information is
transmitted is a product of the amount of information transmitted per
unit process times the number of unit processes per unit time.
part II of this report sequence we dealt with
sequential activities where the S ’s were allowed to adjust the rate and
the informati©» content of unit processes? In this study we turn to
the informational capacity of a single unit process. According to the
general principles discussed in part I, (l-6i)^we select situations
where a large fraction of the information processed appears as information
transmitted. The activity tested was the assimilation of; infarmation in a
single glance« The assimilation may be assumed to tab© place in one 
##moment! the assessment of how much information was assimilated can be 
stretched out over seme time.
In all tests dealt with in this report, w© vised situations where 
the stimulus sets were selected from a continuum, and where there is no 
strong fixation to a stereotyped number of categories. Situations with
true in some e^eriments {such"as'l^iig^anl piano playing) wer controlled the information content end the time rate1 of the physical units of information transmission. However# subjects were free to group two or more physical units into a psychological unit process.There is some evidence that such rouping occurs.
** By a "moment” is meant a time quantum associated with a unit process.
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overlearned, discrete stimulus sets of fixed ranges will be discussed in 
part IV (R-69)2 of this report sequence.
- As we are interested in the informational capacity of a single unit 
process, the whole experimental procedure is slanted to favor a single 
moment. We prepare the subject by minimizing the information content of 
the moments preceding the test: he is sitting quietly in a comfortable
position, looking at a fairly neutral background, and waiting for the 
display to appear. The display itself is presented under conditions as 
nearly optimal as we can make it, so as to eliminate the possibility of 
purely sensory limitations. The act of reporting is allowed to extend 
over as much time as seems to be useful, and the S is given response aids 
which facilitate his response. Thus we try to achieve optimum compatibility.
Such studies are of a well-known type; they belong to the vast family
of tachistoscopic studies, and are closely related to signal-detection studies,
especially those involving several possible choices. The principles of
informational analysis for this type of situation have been fully stated,
T 8 10first by Garner and Hake. 3 The extension to information in two and 
more dimensions has been indicated by Klemmer and Frick^. Our own studies 
proceed in the same direction; we feel that our methods have enabled us to 
go somewhat farther in the search for the ultimate limitations of man’s 
informational capacity.
In a single act of perception a man can get only a limited information 
of any one kind - this is the limitation of the "span of abso3.ute judgment"^ 
However, he can get limited amounts of various kinds, of information simultaneously, 
The number of kinds of information thus grouped is limited by the "span of 
perceptual dimensionality" of George A. Miller. Also, several pieces of
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information can be grasped together if assimilated in rapid sequence;
their number is limited by Miller’s "span of immediate memory"*^. We
10 awill use the MacKay’s term "logon content" to refer to number of 
distinct kinds of information grasped into a single act - in this case, 
an act of perception»
In all experiments dealt with in this and the following report 
we have endeavored to vary the information challenge by varying the 
amount of information of any one kind, and the number of sources of 
information. The multiple sources of information used were of the same 
kind in most cases, and they were independent of each other in all cases. 
This is a convenient laboratory arrangement and not necessarily optimal. 
It does not force the S to weld the various kinds of information into a 
unit; he has the possibility of dealing with the sensed pieces of 
information separately, by reading them out of some temporary storage
in succession
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I. EVALUATION OF INFORMATION TRANSMITTED
A major problem in studying human informational capacities is that 
of estimating information functions on the basis of small samples« Several 
methods exist, some exact, some based on approximations; it is very important 
to select the most appropriate method. In these studies, various methods 
were used; in a few cases, alternative methods were used on the same data, 
in order to gain some experience in this branch of methodology. 5
T(in;out) or T . , . , 
H(in)................
®out^n )
p(i) • • * © « » » » « 
p ( j ) * . © « • © . © «  
p(i,j) ♦ « •' © « « • o
. • • • • « 0 . 0 0
Glossary:^
information transmitted 
input uncertainty 
equivocation
probability of i’th input
probability of j'th output
probability of joint occurrence of i'th input 
with j’th output
maximum likelihood estimate of probability 
(- observed frequency)
H, T . 
H ’, T*
* • » # estimators of information functions based on 
. . • « unbiased estimates
Matrix method. This is the straightforward method based on the 
probabilities of all input-output pairs:
T(injout) = ZZ p(i,j) log2 '
1 J P(i,j)
Method of Error Magnitude. If the output and the size of the error
are known, then the input can be reconstructed. We obtain an upper bound
< ft
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to the amount of information needed to specify the errors hy computing the 
information needed to specify the error regardless of the output obtained. 
If
k = i - j = amount of error,
p(k) = probability of an error of size k,
then
- Z p(k) log2p(k) >  Hout(in) 
k
and
H(in) ss Z p(k) log2p(k)^ T(in;out).
k
Method of Hints. With this method, S is asked to guess until he 
has the correct response. This means he is given auxiliary information 
by E's telling him after each guess whether he is right or wrong. The 
amount of auxiliary information depends on the probabilities, p(v), of 
getting the correct response on the v’th attempt. It is computed as 
follows :
Information in hints = - 2 p(v) log2(v)
v
So,
T(in;out)ik ïï(in) + Z p(v) log2 p(v)
v
As a rule, only the first few responses carry significant amounts of 
information. Therefore, S is allowed only a limited number of guesses; 
if he has not given the right answer by that time, it is assumed that 
his further guesses will be random.
Quantized Normal Distribution. If errors are distributed in a
quantized normal distribution then output variance (a2) and equivocation
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are related by the equation
H ’(cr) = l/2 logg^t g, a2 . . for 2 scale intervals
= 0 . . . . . . . . .  for a <l/l0 scale interval
= g(cr) for intermediate values.
The value of g(a) can be read from a nomogram^
Estimation of Probabilities; Observed frequencies, p, were used as 
estimates of probabilities, p. The information functions based on p values
A Aare designated T, H, etc., and are sometimes called maximum likelihood
estimates“. This is not strictly correct. Although each pj_ is a maximum
likelihood estimate of the corresponding pj_, the function - S p log2 Pi is
i
not a maximum likelihood estimate of - Z p-j_ log2 Pi«
i
Bias Reduction. A complete correction of the bias is not possible.
A considerable reduction is achieved in most cases by the formula12:
3 ias 2. degrees of freedom _____
I .386 x no. of observations
With the method of error magnitude, degrees of freedom is equated to the 
number of error categories occurring. If an uncertainty is computed from o2, 
assuming quantized normal distribution, and if the estimate of a2 has been 
corrected for bias, then no additional bias correction is necessary.
We wish to emphasize that bias reduction does more than just what 
the name implies. The theoretical and experimental study of complete 
sampling distribution shows that principal mode and median are close to each 
other and to the expectation of the "unbiased” estimate. Thus, this estimate 
is optimum in almost every respect.
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II. LOCATING A DOT IN A SQUARE
In these experiments the display was a single dot appearing 
somewhere in a square. The task was to determine the location of the 
dot after a brief glance at the display* These experiments partly 
repeat and partly extend the experiments of Klemmer and Frick^. They 
were used as preliminary studies for the dial and scale experiments 
which will be reported in the following sections.
METHODS
Stimuli* We used a limited number of stimuli. The display 
square was divided into sub-squares by a rectangular lattice* The dot 
could be located at any of the (n - l)2 interior vertices of the lattice*
We used two series of values for n* a binary series of 8, 16* 32* and a 
decimal series of 5* 10* and 20.
Display apparatus. The dot was generated by the beam on the 
face of a cathode ray oscilloscope* A 3" x 3" square was masked off on 
the face and made faintly luminous through intermittent illumination.
It was viewed at a distance of 3 feet which had been found to be optimum 
in preliminary tasks. The following dot generation times were used: .001* 
.01* .1*. 1 second* and unlimited (that is* until the subject chose to make 
this response). The brightness of the spot was adjusted so that the S 
declared it was bright enough for plain visibility and not so bright that 
an after-image was visible after the beam had been turned off. No 
objective determinations were made of the brightness of the spot or its 
decay after the beam had been turned off. It is possible that the shortest 
exposure times were effectively longer by some afterglow although none was 
consciously observed by S or experimenter.
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Response* The subjects were given response sheets on which the square 
was drawn and the (n-l)2 admissible positions of the dot were marked* They 
were requested to mark on this sheet the point at which the dot had been 
displayed* Ten successive displays were marked on the same sheet*
Procedure* In the main test,, we used 6 different displays of varying 
amount of detail (from 4 x 4 to 31 x 31 admissible locations), four 
exposure times (from 1 msec* to 1 sec*)* and k subjects (all staff members, 
designated Ho J, K, L)* Each experimental run lasted approximately one 
hour and was comprised of two displays with all b exposure times for each*
For each display and exposure time, a sequence of ten randomized locations 
of the dot was given* Thus, each run consisted of 80 judgments* Each test 
was given twice to each S so that altogether 1920 judgments of dot locations 
were obtained* Before each run, the subject was given demonstrations of 
particular locations and asked to identify the various positions| he was 
then told the correct answer. This warmup continued until the S was 
satisfied* During the test he was not informed whether or not his responses 
were correct*
Information Input* The informational input per dimension, H(in), 
was estimated as log2(n-l), with a correction for display errors* The 
coordinates used in a given test were obtained from a table of random 
numbers, and log2(n-l) was the uncertainty of choice per coordinate. For 
any particular series used, the uncertainty is, of course, somewhat smaller. 
There is no complete agreement among workers in the field on the proper 
definition of the stimulus information. Some use the uncertainty with 
respect to the stimulus series actually used. We prefer the uncertainty 
of choice, because this indicates what the subject knows.
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Scoring of Answers. The marked answer sheets were compared with 
the program of the experiment, and deviations were recorded. Errors 
could be due to the operator, the apparatus, or the subject.
The coordinate values were set in by hand using two dials| 
therefore, there are possibilities of errors due to erroneous positioning 
of the dial, and to misreading the program. Due to a slight imperfection 
of the apparatus, the spot displayed was not exactly in the location 
intended. The standard deviation of this difference was 1.15$ of the 
side of the square.
Such discrepancies between answers and program as could not be 
attributed to the instrument were charged to the subject! no attempt 
was made to distinguish between errors of perception and errors of 
marking, or to isolate errors of the operator.
Evaluation of Data. The differences between inputs and outputs 
were measured in terms of number of admissible positions. Prom these 
data, the standard deviation was computed, making due corrections for 
grouping, sample size, and display errors. If c is the standard 
deviation so obtained for a given set of conditions, and n the number 
of graduations used, then an is the normalized standard deviation, 
expressed as a fraction of the length of the square.
The distribution of errors is roughly normal, although the 
frequency of large errors is higher than expected for a normal 
distribution. Assuming quantized normal distribution, equivocations 
and, implicitly, values of information transmitted, were computed from a2. 
In some cases, alternative determinations were made by the method of 
error magnitude.
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We determined horizontal and vertical errors separately, neglecting 
the interaction between these two kinds of errors* The vertical errors 
were a little smaller than the horizontal errors; for the 3 more elaborate 
displays (15 x 15, 19 x 19, and 31 x 31) we found an average an of 0*057 
for the horizontal and 0.0V7 for the vertical-errors. The difference, 
although statistically significant on the 0.1$ level, is small compared to 
the amount of effects studied. Therefore, estimates on horizontal and 
vertical positions were pooled, and each response treated as yielding two 
independent judgments of coordinates - in other words, as two readings of 
straight scales without graduations, with limitations imposed on both 
stimuli and responses.
RESULTS
(i) Effect of Exposure Time. Table I gives normalized errors as a 
function of exposure time in 3 experiments; matrices (from 7 x 7  up) and 
S ’s have been pooled. The first experiment is the main experiment; the 
second and third are subsidiary tests which will be discussed later. The 
first two experiments show that there is no appreciable difference in error 
for exposure times of .001, .01 and .1 sec. For 1.0 sec or time ad libitum, 
the normalized error is 8 - 13$ less. This corresponds to an increase in 
information transmitted of between .11 and .18 bits, roughly 6$ of the 
total amount transmitted.
Pollack and Klemmer1 ,^ found that the amount of information transmitted 
increased slowly as a function of exposure time. Coonan and Klemmer^ found a 
bi-phasic increase in information transmitted: an increase from .02 to .0U 
sec, followed by a plateau, and another increase beginning at about .16 sec.
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TABLE I
Judgment of Position: Effect of Exposure Times
Normalized Errors (an) "by Exposure Times and Experiments
Matrices No. of No. of responses 
per exposure time
sec.
Ss I .01 .1 1.0 ad lib.
1 7 x 7 - 51 x 31 1* 1600 .059 .060 .057 .051 -
II 15 x 15 - 51 x 31 2 120 .051 - .052 - .01*5
III
15 - 51
(one dimension)
2 360 - .055
—
- .01*9 -
Our own results indicate a step function, with a single break between 
0.1 and 1.0 sec. However, we are not too sure about the shortest exposure 
times. In part IV of this report sequence2, we will describe experiments 
where exposure time and total amount of illumination were controlled 
independently and carefully, and discuss the whole problem.
(ii) Information Transmitted. Table H  gives data arranged by 
subjects and matrices; it contains (a) normalized errors, (b) transmission 
values computed from a2 on the assumption of a quanitzed normal distribution, 
and (c) transmission values computed by the method of error magnitude.
The information transmitted increases with increasing information input, 
and reaches a peak of about 2.2 bits per logon.
(iii) Individual Differences. The best performer transmits .3 
to .5 bits more than the poorest, a difference of about 18$.
(iv) Alternative Methods of Evaluation. Transmission values 
obtained by the method of error magnitude are consistently somewhat 
higher than those computed indirectly. Perfect agreement could not be
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TABLE II
Judgment of Position by Stimuli, Subjects, Methods of Evaluation
Subject 4x4 7x7 9x9 15x15 19x19 31x31 Mean
(a) Formalized Errors
H .069 .074 *0k6 .054 .0 k6 .049 .056
J .075 «066 .058 .0 77 «.053 .065 .066
K .069 .070 .048 .053 .054 .060 »059
L .060 .056 .056 .056 .042 .053 .054
Mean .068 .067 .052 .060 .049 .057 .059
(b) T 1 (in; out) Computed from a2 E.P.T.1
H 1.6 1.5 2.1 2.0 2.3 2.2 2.2
J 1.5 1.5 1.8 1.5 2.2 1.8 1*9
K 1.6 1.5 2.0 2.0 2.1 2.0 2.0
L 1.8 w 1.7 1.7 2.0 2.4 2.1 2.2
Mean 1.6 1.5 1.9 1.9 2.3 2.0 2.1
(c) T !(in;out) Computed by Error Magnitude E.P.T.1
H 1.7 1.8 2.2 2.6 2.4 2.4 2.4
J 1.7 2.0 2.3 1.8 2.3 1.8 2.1
K 1.8 1.9 2.4 2.1 2.1 2.3 2.2
L 2.1 2.1 2.4 2.6 2.6 2.5 2.6
Mean 1.8 2.0 2 .3 2 .3 2.4 2.3 2.3
1 Estimated Peak Transmission
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expected, since tests for normalcy show that the frequency of large 
errors is somewhat higher than expected for a normal distributiono The 
value of a2 is much more sensitive to a few large errors than the value 
of H; this is the probable reason for the discrepancy observed.
(v) Unlimited Display Time. In the main series of experiments, 
it was found that the amount of information gained in .001, .01 and .1 
seconds was about the same, but that more information can be assimilated 
in one second. We therefore tested the amount of information that could 
be gained if S was allowed to look at the display as long as he wanted.
We used three display times, .0001, .1 seconds, and unlimited. The 
results are entered in Table I, as are those of a subsequent experiment 
also using unlimited display time. It is seen that unlimited display 
time is not superior to a 1.0 sec. exposure.
(vi) Learning. The 2 subsidiary experiments just mentioned 
show an improvement in performance some time after the main experiment. 
Normalized errors have decreased by about 11$, which corresponds to a 
transmission increase of 0.16 bits.
(vii) Judgments of a Single Dimension. We have treated the 
judgments in the horizontal and vertical dimension as independent and 
additive. As a partial check of the validity of this procedure, we ran 
a pair of subsidiary experiments in which one coordinate was held fixed 
and the dot was allowed to move in one direction only. We used 3 displays 
(15, 19, 21 positions), 2 exposure times, 2 Ss, and 30 trials for each 
condition and dimension. The mean normalized error was 0.053* the mean 
from previous data for the same matrices, exposure times and Ss, but 
with both dimensions variable, was 0.052. This finding supports the 
hypothesis that jusgments in the two dimensions are nearly independent
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and additive.
(viii) Binary vs. Decimal Scales. These two sets were compared to 
check for effects due to familiarity with binary or decimal scale. No 
marked difference was found.
COMMENT
Our experiments confirm previous results 9 that a S can transmit 
about 2.5 bits for location along an ungraduated scale, displayed under 
moderately favorable conditions. Most of this information can be acquired 
in a glance of 1-10 msec, duration. This indicates that information can 
enter at potentially very high rates. This is not amazing; the optic nerves 
can transmit about 1000 bits in a millisecond. An indication of a second, 
much slower stage of information-processing, is contained in the fact that 
it takes more than 100 msec before much additional information can be 
acquired.
The informational capacity of a unit process is not exhausted by 
assimilating 5 bits concerning the location of a dot in a square. Klemmer
Qand Ffick^ have shown that considerably more information can be transmitted 
if one displays several dots in a square. Up to the most elaborate display 
they used, the amount of information gained was still rising, indicating 
that saturation had not been reached. Further progress along this line is 
not practical; it would be easy to make up more elaborate displays, and to 
obtain responses from the subjects, but the computation of the amount of 
information transmitted becomes enormously complicated. Thus, the dots-in- 
a-square method cannot be used to explore man’s limitations in assimilating 
position information with a high logon content. So, we turned to other
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tasks involving recognition of position, selecting two situations in which 
both information input and logon content could be raised up to and beyond 
man’s saturation level without running into any major difficulties in 
evaluating the data. These experiments will be described in the following
two sections
68-18
III. DIAL READING 
METHOD
The dial used in these experiments was a white circular disk, 7 cm. 
in diameter, with a movable red pointer (Fig. l). It was mounted on neutral 
grey paper. The dial was -left blank, or redundant information was furnished 
by painting alternate sectors black. Dials with 12-2+8 sectors were used; 
the pointer was always placed in the middle of a sector. The sectors of the 
dial were numbered with fluorescent crayon which was not visible in ordinary 
light but showed up in black ultraviolet light.
Display Apparatus. It consisted of;
(i) A box 32" x 20" x 20" deep, in the front of which was placed a 
two-way, half-silvered mirror glass. The center area of the back of the 
box was replaced by a 18" x 18" neutral grey magnetic bulletin board on 
which all displays were centered. The bulletin board was hinged, allowing 
the E ready access to the displays.
(ii) A black wooden partition with a "peep-hole" at eye level was 
placed between the S and display, at a distance of 6 feet from the display. 
Preliminary tests had shown that distances between 5 and 7 feet were optimum.
(iii) Lights; the illumination inside the box was fairly bright 
and evenly distributed over the display area. Room illumination was low, 
but bright enough that S could not dark-adapt. Two small neon fixation 
lis^^s were placed 20 in front of the mirror glass, marking the upper and 
lower limits of the display. A black ultraviolet light was placed on the 
E's side, which enabled him to see the numbei ing of the sectors.
(iv) Clock; at each presentation, the display within the box was
Blank dial Black and 
white dial
Po inter+symbol
FIG:I. Types of dial displays
• •
4 dial display
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illuminated for .1 second; during this time the room light went off, going 
on again at the termination of the flash.
Response Aids. S's were given a facsimile of the display, except 
that the sectors were visibly numbered at the periphery.
Inputs. All admissible pointer positions (i.e., the centers of all 
sectors) were treated as equiprobable; sequences were determined by a 
table of random numbers.
Procedure. E set the pointer manually, and illuminated the display.
S tried to set the pointer on his response aid in the same position as it 
appeared in the display, and reported this response. Thereupon he was told 
whether he was right and, if not, what the correct response would have been. 
In some later tests, he was made to guess until he gave the correct response.
An experimental run was never longer than one hour and averaged about 
80 trials.
Subjects: All were university students, who were not formally
screened for aptitude for the particular tasks, but had to have good eye­
sight and not be color-blind. We used few subjects, 2 - 4  per task, 9 
altogether in the dial and scale experiments. Each subject was given 
preliminary training sessions until his performance seemed to level off; 
during actual tests, subjects served between about 10 and 50 hours. Slight 
additional training occurred on the job; this showed up in small improvements 
in performance on a few occasions when it was found necessary to revert, 
after a long series of runs, to a setting used earlier in the investigation.
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The following table lists the S ’s used in each experiment:
TABLE III
Subject____ Task
R Single dial
W Single dial, 2 dials, 4 dials,
multiple pointers, 2 dials + 2 symbols
C Two dials, 3 dials, single dial
+ symbols
I Single scale (blank and black-and-
white)
F Single scale (blank and black-and-
white)
G Single scale, two scales, three
scales (all color-coded) Single Strip 
+ 1 symbol
H Same as subject G
K Multiple scales (black-and-white)
P Multiple scales (black-and-white)
RESULTS WITH SINGLE DIALS
In the tests with single dials, two S’s were used (W and R). 
T(in;out) was computed by the method of error magnitude. The results 
obtained are shown in Table TV and Fig. 2.
(i) Information Transmitted. The curve of T(in;out) vs. H(in) 
has the usual shape. If one fills in transmission for less than 12 
squares which must be perfect or nearly so, one obtains a curve which 
rises under ^5° to a plateau or flat maximum. Both S ’s perform nearly 
perfectly with 12 sectors (H(in) = 3*58 bits), and 16 sectors (H(in) = 4.00 
bits) if helped by black-and-white marking. The peak transmission rate
68-22
TABLE IV
Transmission From Single Dials (in bits)
Dial
-__ Subjec
K(in)
& W
Divisions Trials T(in;out) Trials T(in;out^
12 b1
bits
5.58 40 5.6 40 3.6
12 B and W2 3.58 40 3.6 80 3.6
16 b 4.00 40 3*5 40 4.0
16 B and W 4.00 40 3.8 40 4.0
24 b 4.58 120 3.3 120 4.1
2k B and W 4.58 120 4.4 60 4.2
32 b 5.00 120 3.7 120 3.7
32 B and W 5.00 120 4.1 120 4.1
36 b 5.16 60 3.7 120 3.8
36 B and W 5.16 120 3.9 180 4.7
48 B and W 5.58 120 3.8 180 4.3
 ^b = blank 2 B and ¥ = black and 'white
is about 3.6 to 3.9 bits for blank dials, and about 4.1 - 4.4 bits for 
black and white dials.
(ii) Black-and-White vs. Blank Dials. Black and white dials contain 
1 bit of redundant information. Both subjects transmitted about .5 bit more 
information with this help.
(iii) Individual Differences: Subject W transmitted an average of
• 3 bits more than subject R.
Subject R
H (in) H(in)
FIG. 2. INFORMATION^ TRANSMISSION FROM SINGLE D IA L S  
(Osblank dia ls; •»black and white d ia ls)
Note that the line of perfect performance from 0 - 3 . 0  bits has been omitted,
6
8
-2
3
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MULTIPLE DIALS AND POINTERS
The general procedure was the same as in the single-dial tests*
We used dials with 2k black and white sectors, this being the smallest 
number of sectors compatible with the peak transmission for single dials.
Tests with Two Dials. For the tests with two dials, the dials 
were arranged vertically (Fig. l). The positions of two pointers on the 
two dials were determined separately from a table of random numbers; 
this makes the two dials two independent sources of information. S was 
requested to observe both. The two sources of information are independent, 
but their effects on the S can interact in a number of ways:
(i) While reporting on one item, a S may lose information concerning 
another, especially when the act of reporting is cumbersome as in the 
method of hints. To avoid such effects, S was asked to report on only one 
dial after each display; the sequence of dials asked for was randomized.
(ii) It might make a difference whether or not S is allowed to 
reconstruct on his aid sheet his whole impression of a display before 
reporting. This was tested.
(iii) S may have some recollection of the relative position of the 
two pointers. Thus, getting information about one dial might improve his 
report on the other. On the other hand, the act of receiving this information
¿ft
might be confusing. We tested information transmitted about one dial with 
and without S's receiving oral information about the other.
* It would have been better to arrange the display so that one element 
(dial or scale) disappears after a given exposure time (or is replaced 
by a blank element with numbered sectors) while the others remain 
visible. Then, S could reconstruct the missing piece of information 
with full benefit of concomitant elements of the display, and without 
being disturbed by the E.
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We thus tested 5 pairs of contrasts in 8 combinations: upper vs. 
lower dial, response asked for immediately or after the aid sheet was 
set, and setting on one dial furnished or not.
In this test, we used again subject W and a new subject C. The 
new subject was pre-trained on a single dial until her performances 
matched that of W,
Results for both S's were computed by the method of error magnitude. 
In addition,the method of hints was used on one S(g).
The results are given in Table V.
(i) Information Transmitted: the total amount of information 
transmitted from the display averages 6,3 bits, or 3.2 per dial. Thus, 
the total is almost 2 bits more than for a single dial, but the information 
per dial is less by 1.1 bits,
(ii) Individual Differences: W transmitted .5 bits more per dial, 
or 18$ more than C.
(iii) Differences Between Dials: W favors the lower dial by an 
average of «1 bit, but C transmits, on the average, 1.4 bits more from 
the upper dial.
(iv) Information about the other Dial: increases T*(in;out) by a 
small amount, ,1 bit /dial for W, and .2 bits/dial for C.
(v) Actually Setting Both Aid Sheet Pointers made no difference 
to C and reduced T* (in;out) by .2 bit for W.
None of these effects is large; neither were any of the interactions 
between the main effects.
(vi) Method of Evaluation: there was little difference between
the two methods used for evaluating W ’s responses; the method of hints 
gave .1 bit more per dial.
68-26
TABLE V
Transmission from 2-Dial Displays 
(bits per dial)
Subject1---------------------- i------- W CExperimental Condition No» of 
Trials
T evaluated by : 
M.H.3 ' E.M.
No. of 
Trials
T evaluated by: 
E.M.À1 K.OJ•sÌH. 59 3*0 3*0 91 2.0
1?, i 60 3.6 3*5 92 3*8
1, 2? 62 3.5 3*5 88 2.1
1?, 2 58 3*3 3*2 88 3*6B *
t,2? ^9 3*8 3*9 6k 2.1
1?, i 59 3*3 3*1 73 3*3
1, 2? k5 3*8 3*5 69 2*5
1?, 2 5*r 3*6 3*6 63 3*7
Dials set before response 2^9 3*3 3*3 359 2.9
Dials not set before response 207 3*6 3*5 269 2.9
tipper dial 23I 3*5 3*3 316
r_
3*6
Lower dial 2I5 3*5 3*6 312 2.2
Information on other
dial given 2I9 3*6 3°k 308 3*0
Information on other
dial not given 227 320 2.8Totals 4M6 3*5 “ 3."4 "“628“ ' 2.9
S told at beginning of serieis not tc set dials on his aid sheet at all»
o S told at beginning of series to set both dials on his aid sheet after 
each trial»
^ Method of Hints k Method of Error Magnitude
* Question mark beside number indicates that reading on that particular dial 
was requested» Lines through numbers indicate that S was asked to dis­
regard those dials»
If there is no line through a number and no question mark beside it, then 
S was informed of that dial reading»
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Three-Dial and Four-Dial Displays, Subject C was used for the 
3-dial and W for the 4-dial display* In all cases, S was interrogated 
immediately after the flash about a single randomly selected dial; he 
could use his aid sheet in any way he desired* We tested informing vs* 
not informing S of the other dial readings* The results of these 
experiments are shown in Table VT* All results were computed by the 
method of error magnitude.
Results with Three-Dial Display:
(i) Information Transmitted* The total amount of information 
transmitted from the three dial display was 5*6 bits, or 1*9 per dial* 
Thus, the total is virtually the same as this S accomplished with two 
dials, but the information per dial is less by 1.0 bit per dial*
(ii) Difference among Dials. C favors the top dial by *2 bits 
over the others.
(iii) Informing C about the other dials makes the performance 
poorer by .4 bit per dial. This may be due to the cumbersome procedure 
of oral instruction*
Results with Four-Dial Display
(i) Information Transmitted. The total amount of information 
transmitted from the 4 dial display was 8.6 bits, or 2.1 per dial. This 
total is 1*4 bits more than the same S ’s transmission from two dials, 
but the transmission per dial is reduced by 1.4 bits.
(ii) Dials* W shows almost no preference for any dial; the 
transmission values per dial are about equal.
(iii) Informing W about the other dials makes the performance.*8 
bits/dial poorer, again suggesting that the oral instructions were too
cumbersome.
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TABLE VI
Transmission from Three-Dial Display Transmission from Four-Dial Display
(bits per dial) (bits per dial)
© 0 ©
Dial Arrangement: ©
©
0
0
Subject: C Subject: W
Condition No* of 
Trials
T'(in;out) 
(bits)
Condition No. of 
Trials
T*(insout) 
(bits)
t, i, 3?* 58 1*8 i, i, 55 2*7
1, 2, 3? 82 1*8 1, 2, 5, ht 1*3 1*6
i, 2 ?, i 77 1.9 t, i, 3?, ji 1*7 2.5
1, 2 ?, 3 79 1.7 1, 2, 3 ?, 4 38 1.5
i,i 57 2.5 i, 2 ?, i, K k6 2*3
1 ?, 2, 3 72 1.5 1, 2 ?, 3, h li6 1.8
Lower right dial lliO 1.8 i, i, t 52 2*3
Lower left dial 129 1.8 1 ?, 2, 3, u li6 1.6
Top dial 156 2*0 Lower right dial 96 2.1
Information on 
other two dials 
given
235 1.7
Lower left dial 
Top right dial
85
92
2.Q
2.1
Information on 
other two dials 
not given
192 2.1
Top left dial
Information on 
other three 
dials given
98
173
2.0
1.6
Information on 
other three 
dials not given
198 2.5
Totals: 1+25 1*9 Totals: 371 ■ 2.0
* Question mark beside number indicates that reading on that particular dial 
was requested» Lines through numbers indicate that S was asked to disregard 
those dials*
If there is no line through a number and no question mark beside it, then 
S was informed of that dial reading*
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The distribution of information transmitted for 1-4 dials is summarized 
in Table VII.
Multiple Pointers. A single dial with multiple pointers can convey 
as much information as multiple dials with one pointer each. This keeps 
the whole display in the foveal area, and facilitates the perception of 
relative pointer positions. On the other hand, the multiple pointers 
might be confusing.
Subject W was used for a test with 2 and 3 pointers; the second and 
third pointers were identified by contrasting colors. S reported the 
positions of all three pointers each time; transmission values were computed 
by the method of error magnitude.
In 270 trials with two pointers, S transmitted an average of 7.7 bits 
per display. This is .8 bits more than S accomplished previously with two 
separate dials• In 162 trials with 3 pointers, he transmitted an average 
of 8.9 bits per display; this is .3 bits more than he did with 4 separate 
dials (and presumably more than he would have done with 3 dials).
Dials with Added Symbols. The experiments with multiple dials and 
pointers indicated that adding additional pointers or dials would not 
result in any appreciable increase in total information transmitted?
Therefore, we decided to increase the informational input further, not by 
adding more dials but by introducing an information carrier of an entirely 
different type. We used well-known symbols (letters and numerals) placed 
in the center of the dial; S was asked to identify the symbols and the 
pointer position.
* We learned later that perhaps we could have increased information transmission 
by using dials with fewer sectors. We will report that a 24-division 
straight scale is an informational optimum for a single scale; but, for 
simultaneous readings of multiple scales, smaller numbers of divisions are 
better. This should apply equally to dials.
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TABLE VII
Transmission from 1-b Dials
No. of 
Dials
No. of 
Trials
Total
ïï(in)
Subject
1
T/Dial
2
from Dial:
3 b
Total T 
(bits)
1 60 b.6 ¥ b.3 b*3
2 bb6 9o2 W 3.5 3>b 6.9
2 628 9*2 C 2.3 3.7 6.0
3 h2 5 13.7 c 2.1 1.9 1.9 5«9
b 371 18.3 ¥ 2.1 2.2 2.1 2.2 8.6
In the compound task of dial reading and symbol recognition, we 
used single dials with 1, 2, and 3 symbols for subject C. After each display,
S was asked to give the pointer position and to name all symbols. The 
information gained about pointer position was calculated by the method of 
error magnitude, and that about the symbols by the method of hints.
The symbols used were capital letters and the numerals 0 through 9.
The letters G and Q were discarded as sources of confusion,and the letter 
0 and number, 0, and letter nIM and number, 1, were treated as the same 
symbol. This gave a total of 32 symbols of 5 bits input. The symbols were 
white on a black background, approximately 1 cm. high and .6 cm. wide.
Results : The results are shown in Table VIII.
(A) Information Transmitted. The total amount of information transmitted 
reached 17.6 bits and presumably could have been raised still further by 
adding another letter or pointer.
(ii) Saturation. The information transmitted per symbol remained 
about constant for 1, 2, and 3 symbols. Thus, there was no evidence of saturation.
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(iii) Interaction» The information concerning pointer position was 
not affected by concomitant observation of 1 or 2 symbols,, and possibly 
slightly decreased by watching 3 symbols.
Subject W was tested on two dials with one symbol in the center of 
each dial. He was interrogated about both features of one dial after 
each display. In 263 trials, he transmitted an average of 5.3 bits for 
the position of both pointers and only 1 .5 bits about the symbols, for a 
total of 6.8 bits; this is not as good as his previous performance of 
6.9 bits for pointer position alone with two dials.
TABLE VIII
Transmission from Displays with Dials and Symbols
Type of 
Display
Total
H(in)
Trials
Pointer
T
Symbol
Total T
1 dial 
and
1 symbol
9.6 kkQ *.3 *.3 8.6
1 dial 
and
2 symbols
1 k.6 360 9.5 13.7
1 dial 
and
3 symbols
19.6 133 K.O 13.6 17.6
2 dials 
1 symbol 
per dial
19.2 263 1.5 5.3 6.8
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IV. SCALE READING
These experiments were similar to the dial experiments. However, 
the scale was straight and not circular, and a marker was used instead 
of a pointer. The two experimental variables were number of graduations 
sind number of scales,
METHOD
The Scenes used were strips of squares; the only admissible marker 
positions were the centers of these squares. The total length of the strips 
ranged from 7-16 cm. and the number of squares in a strip from 3 to 36.
The following types of strips were used:
(i) Blank: the S was instructed to think of the blank strip as 
consisting of a given number of squares; his response sheet was marked 
accordingly.
(ii) Black and white: alternate squares were painted black. With 
multiple strips, the colored squares were arranged in checkerboard pattern.
(iii) Added color: we tried various color codes to furnish 
additional redundant information.
The Marker was a square, half the width of the scale. We used a 
bright red chip except when colored scales were used; in those cases, we 
used a black chip with a white cross.
The Response Aids were facsimiles of the strips, except that the 
squares were visibly numbered at each side.
Display apparatus, selection of inputs, and experimental procedure 
were the same as in the dial experiments.
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SINGLE SCALES
Two S ’s (F and i) were given 1200 trials each for marker location 
on single vertical strips with varying numbers of squares, 600 on blank 
and 600 on black and white strips. Also, F had 1200 trials on single 
horizontal strips. Afterwards, F was given another 320 trials with 
strips of 20, 28 and 36 squares per strip as a test for learning.
All data was treated by the error magnitude method. In addition, 
some results were also treated by the method of hints. It is known that 
the terminal intervals on scales are read easier than the rest. 
Accordingly, we computed information transmission separately for the 
terminal squares, the next to terminal squares, and the remaining squares. 
Table IX and Fig. 3 shows the results with single scales.
Results with Single Scales:
(i) Information Transmitted. It reaches a plateau or very flat 
maximum of about 5*3 bits for I, 3.8 bits for F.
(ii) Black-and-shite vs. Blank. Subject F transmitted an 
average of .4 bits/display more with the black and white dial (range,
+ .7 to - .2 bits). Subject I did equally well with both types.
(iii) Individual Differences. F transmitted about .5 bit more 
than I. Also, F utilized the black and white patterning, while I did 
not.
(iv) Horizontal vs. Vertical. Transmission from single horizontal 
scales was a little better than from vertical ones.
(v) Methods of Evaluation. In general, the method of hints 
gave slightly higher values than the method of error magnitude.
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TABLE IX
Information Transmission From Single, 
Vertical or Horizontal Scales
___________ ___________ (T(in;out) in bits) ___________
Subject I-----  ---Subject F________
H(in) Vertical Displays Horizontal Displays
te m  te m te m  te m  te m  te m  tm h tmh
12 b 5.58 3 .1 5.2 3.2 3.3 2.8 5.0 3.1 3.2
12 B and W 3.58 5o2 5.2 5.6 5.6 3.6 3.6 5.6 5.6
16 b 4.00 5.0 5.2 3.2 3.4 3.3 5.4 3.4 3.4
16 B and W 4.oo 5.6 3*7 3.8 3.9 4.0 4.0 4.0 4.0
20 b 4.51 5.1 3.3 3.2 3 .4 3 .3 3.4 3.5 3.5
20 B and W 4.51 5.2 5.4 3.9 4.0 4.0 3.9 4.0 3.9
24 b 4.58 2.5 2.8 2.9 3.2 5.4 5.6 3.4 3.6
2k B and W it. 58 2.8 3.0 3.8 3.9 3.7 3.8 5.8 3.9
28 b 4.80 2.7 2.8 3.1 3.2 3.2 3.4 3.5 3.6
28 B and W it. 80 2.9 3.1 3.7 5.8 3.7 3.7 3.9 4.0
52 b 5.00 5.1 3.3 3.3 5-4 3.3 3.4 3.4 5.6
52 B and W 5.00 2.5 2.7 5.4 3.5 3.7 3.7 3.9 5.8
56 b 5.16 2.6 2.8 3.2 3 .4 .3.1 3.4 3.2 5.5
56 B and W 5.16 2.6 2.8 3.1 3.2 5.6 3.6 5.8 5.8
Average - 2.9 3.1 5.4 3.5 3.5 3.6 3.6 3.7
Strip
Type
NOTE: EM = error magnitude method; M.H. a method of hints,
T as transmission computed on basis of equivocation for "middle" 
positions only (since S was operating with reference to the 
whole scale, H(in) was computed accordingly).
T*= transmission when equivocation of end and middles were 
figured separately.
Subject I Subject F
FIG. 3. Information transmission from single scales. 
(o=blank scales; •= black and white)
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Figuring the equivocation of end positions separately made for slightly 
higher T values. An "end effect" did exist, L.e., end positions were 
easier to recognize than positions nearer the middle. Even though the 
effect was pronounced, it did not influence T values appreciably because 
of the relatively small number of end positions.
The results of the test for learning, on subject F, are shown in 
Table X. There is no appreciable improvement.
TABLE X 
Learning Tests
Strip Type 2(Tb~^ 20 B and ¥ 28 b 28 B and W 58 b 36 B and W Ave.Increase in T 
(bits) over 
previous trials
+ .1 - .2. + .k - .2 + .2 + .k + .1
Added Color. In an attempt to further increase the transmission 
from a single strip display, we tried to furnish additional redundant 
information by color patterns. The blank squares were replaced with 
colored ones, using color to identify units of 6 or 8 squares (that is, 
using the same color in 3 or k colored squares). In addition, we tried 
to use solid and hatched color.
Subjects F and H were used in this set of trials, H (a new S) being 
given considerable practice on black and white strips before beginning 
this experiment. Sixty to 120 trials per strip type per S were taken.
All T values were obtained by the error magnitude method on the basis of 
performances on middle positions only. The results are summarized in 
Table XI. Only the color pattern tried last showed some improvement 
(.5 bit) over the black and white pattern.
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Added Symbols« In the dial experiments, the amount of information 
transmitted was raised considerably by placing letters and numerals in the 
center of a single dial; very little was gained by placing one letter each 
in the centers of two dials. These observations anticipate the results 
of a parallel experiment with a 2^-square strip and a marker which carried 
a letter. Two Ss (G and H) were used in this experiment. The net addition 
to the transmission value was very small; both Ss recognized the letters 
well if the marker happened to be in one of the two squares in the middle 
of the scale; the performance dropped rapidly toward the periphery, 
reaching approximately zero at a distance of about 5 squares from the 
center.
TABLE XI
Information Transmitted from Colored Strips 
Average T ’(in;out) for 16-40 squares
Subject
Type of Strip F H
Black and white 5.8
One color code for 6 squares, solid and hatched 3.2
One color code for 8 squares, solid and hatched 3.8 3.6
3.3
One color code for 6 squares, solid only k.O
The types are given in the sequence in which they were tested
TWO AND THREE SCALES
It seems that optimum information transmission is obtained with a
single strip with 2b squares, using 4 colors to identify ^ groups of 6
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squares each. Other strip arrangements might be as good, but there is hardly 
one which would substantially raise T beyond 4.3 bits. For this reason, we 
turned to multiple parallel scales as a means of increasing the amount of 
information assimilated at a glance. We chose - incorrectly, as it turned 
out - the type of strip which is optimum for single-strip displays. Each 
strip carried one marker, the position of which was independently selected 
with the aid of a table of random numbers. S was always asked about one 
strip only, in randomized sequence.
Two Scales. In discussing information transmission from several 
dials, we pointed out that the effects of independent sources can interact 
in a number of ways, and we used several alternative experimental conditions 
to test for such interactions (Tables V and VI ). In the test with two 
scales the same alternatives were used: informing or not informing S of the 
correct chip position on one of the strips, and allowing or not allowing 
him to reconstruct the display on his aid sheet before we indicated which 
response we wanted.
We used two subjects: H, used previously, and G, a new S, who was 
given practice on single colored strips before beginning this task. The 
results for G were analyzed by the method of error magnitude; for H, we 
used both error magnitude and method of hints. All positions on the strip 
(including the ends) were treated in the same way. The results are shown 
in Table XII.
Results with Two Scales :
(i) Information Transmitted. Each S transmitted 2.5-2.7 bits per 
scale or a total of 5.0-5*4 bits per display.
68-39
TABLE XII
Transmission from 2 Scale (color-coded) Display
Condition Subject :
No. of Trials ~X5F~ No. of Trials ^ÈM^
A1
i, 2 f 81 2.8 82 2.2 2.4
1?, t 85 2.5 87 2.6 2.8
1, 2? 83 2.9 85 2.6 2.8
1?, 2 80 3.1 74 2.5 2.6
~ w ~
i, 2? 72 2.6 64 2.0 2.0
1?, i 79 2.6 71 2.3 2.4
1, 2? 75 2.1 66 2.9 2.8
1?, 2 , 74 3.1 69 2.6 2.6
Aid Sheet set 
before response 300 2.6 270 2.5 2.5
Aid sheet not set 
before response 529 2.8
r
328 2.5 2.6
Left strip 318 2.8 301 2.5 2.6
Right strip 311 2.6 297 2.4 2.5
Information on other 
strip given 312 2.8 294 2.7 2 .7
Information on other 
strip not given 517 2.6 3SA 2.3 2.4
Totals 629 2.7 598 2.5 2.6
1 S told at beginning of series not to set marker positions on his 
aid sheet at all.
p S told at beginning of series to set marker positions on his aid sheet 
after each trial.
^ Methods of Hints ^ Method of Error Magnitude
* Question mark beside number indicates that position of marker on that 
particular scale was requested.
Lines through numbers indicate that S was asked to disregard those scales. 
If there is no line through a number and no question mark beside it, then 
S was informed of that scale reading.
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TABLE XIII
Information Transmission from 3 scale (color-coded) Displays
(Subjects G and H)
Condition ________________________Subject :
G H
No. of trials m l1 EM No. of trials T*EM
t, i, 3 i* 50 1.8 50 1.2
1, 2, 3? 70 2.0 69 1*5
t, 2?, i •68 2.0 6k 1*7
1. 2?, 3 71 l.k 71 l.k
1?, i, i 52 2.2 52 2.0
1?, 2, 3 65 1.9 65 1.6
Left Strip 117 2.1 117 1.8
Middle Strip 159 1*7 135 1.6
Right Strip 120 1*9 119 l.k
Information on other 
strips given 206 1 . 8 205 1*5
Information on other 
strips not given 170 2.0 166 1.6
Totals 376 1*9 371 1.6
* Question mark beside number indicates that position of marker on that 
particular scale was requested.
Line through numbers indicates that S was asked to disregard those scales. 
If there is no line through a number and no question mark beside it, then 
S was informed of that scale reading.
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(iî) Conditions of Test, The results of the contrasts tested are• !
that each member of the pair is little different from its partner* Informing 
S of the other scale reading did improve the performance *3-»^ "bit/scale* 
Answering immediately gave .1-.2 bits/scale more than setting the aid sheets, 
before answering* The interactions calculated were also small*
(iii) Individual Differences* These were very slight, G transmitting 
about *1 bit/scale more information*
(iv) Methods of Evaluation* The two methods of evaluation used gave 
about the same results *
Comparing these results with those obtained for the 2-dial displays, 
one sees that the information gain from dials is higher than from strips 
with ihe same H(in)*
Three Seales* The design used was the same as that employed for 
the three dial experiment* We gave all instructions immediately after 
the flash, but retained the "inform or not inform” option. The results 
are given in Table XIII*
Results with Three Scales;
Three strips of 2k squares each gave less information gain/strip 
than the 2-strip display.
(i) Information Transmitted* 1*6-1.9 bits per scale, 4*8-5o7 
bits per display* The total transmission is not significantly higher 
than with two scales*
(ii) Conditions of Test* The left-most scale yields 0*3 bits more 
than the two others. Giving information on the other strips decreased 
the S ’s performance slightly.
(iii) Individual Differences* As with 2 scales, G performed a little
better than H
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Comment. Experiments with 1-3 scales had given the following results î 
T for one scale, up to 4,3 bits; for 2 scales, 4,2 bits or 2,6 bits per 
scale| for 3 scales, 5.3 bits or 1.8 bits per scale. There was no inform­
ational gain in going from two to three scales, which implied that adding 
more scales was useless. Yet, the total information transmission was 
rather low - less than 6 bits, or less than could be obtained with 3 strips 
of 4 squares each. One would expect that a S should be able to report 
correctly the position of markers on 3 or even 4 four-square strips - and, 
indeed, we found that such was the case. The unavoidable conclusion is 
that a scale with 24 graduations, though optimum or nearly so for a single- 
scale display, is definitely not optimum for a multiple-scale display. 
Accordingly, we undertook to test a wide range of combinations of number 
of scales and graduations per scale.
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V. MULTIPLE SCALES WITH VARIABLE NUMBER OF GRADUATIONS
Tests were made with scales with 3,4,6,8,12,18 and 24 graduations <, 
The scales used were vertical strips of black and white squares, or 
white and colored squares using the same color for units of 6 squares.
For each type of graduation, S ’s were started on a single scale; the 
number of scales was gradually increased until saturation seemed to 
be reached. The experimental procedure was the same as used previously. 
After each display, S was interrogated about one particular strip, 
selected at random; nothing was done about the other strips. If a 
response was wrong, S was told what the correct answer would have 
been. Each combination of number of graduations and scales was tested 
in 1-3 sessions consisting of 80-120 trials per session.
For these tests we used 4 Ss, G, H, K, and P. The tests each S 
took and the dates on which they were taken are given in Table XTV.
Data were evaluated with respect to error rates and information 
transmittedo The latter was computed by the matrix method for scales 
with few graduations, and by the method of error magnitude for scales 
with many graduations.
RESULTS
(i) Percentage correct responses. Table XV gives the percentage 
of correct answers in all tests of this series. The percentage decreases 
with the number of scales and graduations, and with the position of the 
scale from left to right. For 3 to 8 squares per strip, the first 
four scales on the left yield effectively the same percentage of correct 
responses. From the 5th scale on, the percentage of correct responses 
For scales with a large number of graduations (12-24), the
--H .
decreases.
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TABLE XIV
Schedule for Multiple Scale Tests 
(Entries? Initial of S, month and day)
No. of Scales;
Squares
per
Strip
2 3 4 5 6 7 8 9 10 il 12
3 - - K,6-29 K,6-29P.6-30
K,T-1
P,7-l
K, 7-7 
Pi 7-7
K,7-9 
P,7-10 -
K,7-l^ 
P,7-16 - -
4 - - K,6-29P,7-l
k,6-30 
Pi 7-2
K,6-30 
P, 7-3
K,7-12
K^7-l4 - ' '
■e, 7-19 
P,7-21
K,7-22
Pi 7-26 -
K,9-27
6 - - K, 7-2 K, 7-7
K, 7-5 
K, 7-12
K,7-7
K,7-13 -
K,7-15 
Pi7-15 -
¿10-4 
P,10-22 -
6 C2 0,5-13H,5-13
6,5-15
H,5-15 - - - - - -
irpr. -f-K
- -
8 - - K.7-27 Pi7-29 -
K,7-29 
P, 8-2 -
K,ö-3
P,8-3 -
Pi 9-30 - -
12 K,7-20P,7-22
K,7-21 
Pi7-23 -
K,7-26 
P,7-28
K78-6
P,8-4 P,8-9
K,10-19 P,10-l^ -
12 C1 G, 5-17H, 5-19
0,5-19 
H,5-21 - - - - - - - - -
18 K,ö-nP,8-ll
K,ö-13'
P,8-ll* -
K,fc-14 - - - - - - -
18 C1 G, 5-24H, 5-2^
G, 5-26
H, 5-26- - - - - - - -
~2TT~ k ,ö -ii - K,10-11 - - - - _ _
24 C1 G,4-l5,3-29
G, %-22
H, 4-23- - - - - - - - -
42 "K78-Ì2P,8-ll
82 k ,8-iop,8-13
C indicates color pattern used. All other strips black and white. 
Trials,used as test for learning.
Note; All tests tabulated run in 1954.
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TABLE XV
Multiple Scales - Percentage Correct Responses 
by number of graduations> Ss, and no. of scales
No.
of
Grad,
Ave.
no.
resp.
on
scale
s
No.
Scales
Seale no., (numbered :fresa left to right)
5 1 2 3 4 5 7 8 9 10 11 12 Mear
17.8 K 71 100 100 100 95 94 100 100 989-4 8 100 100 100 100 100 100 100 100 10013.9 10 92 83 86 82 79 65 67 93 63 92 79Ave,V 99" 98 98 97 93 91 91 96 63 92
15.8 P 4^ 100 100 100 100 J 100
17.2 1 5 91 95 100 100 100 9813°9 6 71 100 100 89 75 90 9014.1 7 94 100 100 93 100 100 94 9714.9 8 95 100 89 92 92 81 74 77 85l4.0 10 100 75 88 100 93 75 69 57 31 33 72Ave. 93 95 W 96 93 86 80 67 31 33
39.0 K 4 100 100 100 100 100
23.2 5 100 100 100 100 94 9924.1 6 90 100 96 92 100 97 96
17.8 7 95 100 100 92 77 100 93 94
15 06 9 100 100 100 86 86 77 89 57 82 8414.0 10 100 100 93 92 71 77 58 83 82 89 85Ì2 95 88 94 72 57 63 56 53 55 58 60 72 70
: Ave. 97 97 97 91 8l 81 60 67 ~zr- 72
21.8 p 4 92 100 95 96 95
17.0 5 95 100 93 100 100 9824.2 6 100 96 100 88 91 77 9117.9 7 95 100 100 93 94 100 75 9415.4 9 100 93 100 89 81 82 60 39 4i 76l4.o 10 100 :100 ;100 .100 :100 88 73 21 25 35 74Ave. 96 98 98 94 92 86 71 31 67 33
29.0 K 4 97 100 97 95 97
29.0 5 92 96 97 93 86 92
29.0 6 91 97 97 94 88 87 93
21.6 8 90 94 91 80 82 59 82 70 8210 93 92 92 68 73 67 53 56 56 65 71Ave. 91 96 95 85 82 72 67 60 56 65
Tests with fewer scales gave perfect results
Includes perfect tests not tabulated.
68-46
TABLE X? (cent.)
Multiple Seales - Percentage Correct Responses 
by number of graduations, Ss, and no» of scales
No . Ave o
of No» No. _____ Seale No. (numbered from left to right)
Grad, resp* S Scales I 2 3 4 5 6 J 8~ 9 10 11 12 Mean
on
scale
““5................... . ..— ... .. . .... ........ ... . .... —
21.8 P 4 100 92 100 95 97
23 o 2 5 96 9b 97 96 82 94
29.0 6 96 100 97 86 88 85 9221.8 8 91 94 81 93 94 72 55 36 75
32.9 10 94 93 9b 87 88 65 46 35 23 29 65Ave. 95 95 9%r 90 88 73 50 35 23 29
60.0 G 2 100 100 100
60.0 3 92 98 89 93Ave. 96 99 89
60.0 H 2 100 100 100
60.0 3 100 98 96 98Ave. 100 99 96
43.8 K 4 98 100 98 85 9535*0 6 90 86 97 92 90 70 87
26.3 8 70 77 71 74 60 64 54 54 65Ave. 87 89 91 85 76 67 54 54
43*8 P 4 96 97 100 93 9735.0 6 93 90 93 95 97 69 89
26.3 8 91 92 88 96 74 56 39 58 72
18 .7 10 100 95 94 88 87 71 44 l4 17 28 62Ave. 94 94 95 94 ~w~ 66 4l 27 17 ”28”
77.0 K 2 95 95 95
49.5 3 90 83 90 87
59.^ 5 74 88 76 74 57 7435-0 6 68 56 65 64 63 4? 6026.1 8 85 83 64 80 75 33 53 34 63Ave. 85 83 76 71 63 “42 53 34
77 0 5 P 2 91 88 9050.0 3 92 80 73 8242.0 5 74 8.5 75 65 65 7235 oO 6 82 80 70 79 60 63 7340.0 7 86 79 65 78 50 37 33 57
19o0 10 _22_ 75 90 79 4i 33 24 32 ll 18 50Ave. T T 82 73 74 56 ~ w 30 32 11 “18“----
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TABLE XV (cont.)
Multiple Scales - Percentage Correct Responses 
by number of graduations, Ss, and no. of scales
No « Ave.
of
Grad
no.
. resp. 
on
scale
s
No.
Scales
Scale no. (numbered from left to right)
1 2 3 4 5 5 7 8 9 10 11 12 Mean
12
90.0 G 2 82 83 82
60.0 3 80 79 71 77Ave. 8l 82 71
90.0 H 2 93 9b 94
60.0 3 77 83 74 78Ave. 87 90 74
18 i
68.0 K 1 93 93
68.0 2 83 76 79
25-3 3 73 61 72 6937.8 5 92 59 65 39 59 62Ave. 78 68 67 39 59
68.0 P 1 87 87
69.5 2 78 69 73
29.0 3 74 57 67 66
Ave. 8l 66 67
90.0 G 2 71 69 7053.0 3 61 54 61 59Ave. 6 7 64 6l
90.0 H 2 71 72 71
56.0 3 6k 54 49 55Ave. 68 65 49
2k
124.0 K 1 97 97i4o.o 2 6k 58 60
23-3 3 50 61 64 59la.6 5 36 29 39 11 30 28
Ave. 72 52 49 11 30
315.0 G 2 68 66 67
125.0 3 50 45 49 48
Ave. ¿3 59 49
299.O H 2 62 59 61
125.0 3 kk 43 39 42
Ave. 57 54 39
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decrease in percent correct begins with the 2nd or 3rd scale. This unequal 
distribution of errors was not found in a subsidiary experiment in which 
the number of scales had not been gradually built up (see appendix).
(ji) Individual Differences; they are not pronounced.
(iii) Learning. A repeat of 2 tests with Ss K and P (10 strips 
with b squares each, and 8 strips with 8 squares each) after the whole 
cycle of the main experiment, showed no significant difference from the 
earlier performance (Table XVI). Hence, the Ss were probably trained as 
far as laboratory training would take them.
(iv) Information Transmitted; 3-8 squares per strip. The error rate 
and, accordingly, the amount of information transmitted is not the same 
for the various scales making up a display. Accordingly, transmission 
values should be computed separately for each scale. However, this raises 
another problem; information functions computed from small samples are not 
too reliable, and the number of responses for each single strip is limited. 
Therefore, we have resorted to pooling, forming three categories; strips 1-1+, 
5-7, and the remainder. The first ^ strips are very similar in error rate, 
and can safely be pooled. The next 3 (nos 5-7) are not so similar, but not 
much information can be lost by pooling them; the remaining ones carry little 
information, and pooling can do little harm.
TABLE XVI
Multiple Scales - Tests for Learning 
(Percentage Correct Responses)
Number of 
Graduations
Ave. no. 
response 
per scale
S
No.
Scales Scale No*.1
I-- 2“ T “
Mean in
(Numbered from left totJ*lf$it) earlier
5 6 7 8 9 10 Mean test
h ^ 10.5 K 10 88 loo loo ” 89 100 50 67 67 69 89 79 85
10.5 P 10 100 100 100 100 100 6b 63 17 39 10 66 71+
8 13.1 K 8 82 75 83 85 56 53 6b bS 67 65
13.1 P 8 100 100 92 92 81 35 b3 36 70 72
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The results so obtained are entered in Table XVII and graphically- 
represented in Figures 4 and 5. One sees a fairly uniform behavior; up 
to 4 scales, 85-100$ of the informational input is assimilated. The 5th, 
6th and 7th scales are less successfully perceived to an amount of about 
1.5 bits/scale; as information concerning these scales is acquired, the 
assimilation of information from the first 4 scales is reduced by about 
.3 bit for each 1.5 bits acquired; the net result is an increase of total 
information gained at a greatly reduced rate. Additional «cales yield 
small amounts of Information, and this gain is compensated for by loss 
with the other scales; the total amount of information gained remains 
constant. With the highest number of scales used, there*is occasional 
indication of a decrease in total information assimilated.
The peak rates of total information transmitted have approximately 
the following values;
3 squares/strip . . . . . . 9.5 bits
4 squares/strip . . . . .  .11 bits
6 squares/strip . . . . .  .12 bits
8 squares/strip . . . . .  „12 bits
The information transmitted increases with amount of information per 
strip up to a limited v&lue.
(v) Information Transmitted; 12-24 squares per strip. Transmission 
data for the scales with many graduations are given in table XVIII. The 
value of T per strip decreases from left to right, and, for any given 
strip, with increasing total number of strips. The highest amount of 
information transmitted from multiple strips decreases as the number of 
squares per strip increases; that is, in this domain, higher information 
input results in decreased transmission.
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TABLE XVII
Multiple Scales - Information Transmitted 
5-8 Squares/strip
Squares
per
Strip
No. of 
Scales
Total
H(in)
{bits)
Subject K Subject P
Scales Scales
1-4 5-7 All 1-4 5-7 All
31 4 6.5 6.2 6.2 6.2 • > 6*2
5 7°9 6.2 1.5 7.7 5.2 1.4 « 6*6
6 9-5 6.2 3.1 9.3 5.1 1.9 7.0
7 11.1 5.8 4.2 10.0 5.2 4.1 9.38 12.7 6.1 4.5 1.4 12.0 4.6 2.2 * *7 7.510 . , 15.8 3.7 1.3 1.7 6.7 5.8 1.9 . 1 5.6E.P.T.^ 10.5
41 4 8.0 7.8 7.8 7.0 7o0
5 10.0 7.7 1.6 9.3 6.8 1.6 8 4
6 12.0 6.6 3 4 10.0 6.6 2.3 8.9
7 • 1U .0 6.9 4.5 11.2 6.9 4.1 11.01 9 18.0 6 4 3.1 1.2 IO.7 6.4 2.5 .2 9.110 20.0 6 4 1.9 5.0 II .5 7.3 3.6 11.412 24.0 5.3 1.6 2.5 9 4 - » - -
E.P.T. 11.5 10.5
61 4 10.5 9.0 9.0 9.1 9.1
5 I2.9 8.5 .9 9.2 8.6 1.0 9.6
6 15.5 8.5 3.3 11.8 8 4 3-2 11.6
8 20.7 7.2 3.7 .7 11.6 7*3 3.1 .3 10 .710 25.8 7.5 3 4 3.1 14.0 9.7 2.2 1.8 1 3 .7E.P.T. 12.0 12.0
82 4 12.0 10.5 10.5 10.9 10.96 I8.O 9 4 3.6 15.0 9.9 3.8 1 3 .78 24.0 6 .5 2.3 1.1 917 9=6 2 .3 4 12.510 50.0 - - - - 10.5 1.6 1 1 4E.P.T. 12.0 12.5
4 Subject G Subject H6 2 5.2 - - - 5.2 - - . - - 5.2
3 7.8 - - - 6.5 - - - 7.2
1 matrix method
2 method of error magnitude
^ estimated peak transmission 
4 with added color
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FIG. 4. Information transmitted, multiple scales1 first 4 scales only(eee) , all scales (ooo)*, Ss K and P; 
3 -8  squares per strip. Circled numbers: number of squares per strip.
w
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(vi) Alternative Methods of Computation. In one S (P) the 
transmission was computed using both the matrix method and the method of 
error magnitude; in both cases, bias reduction was used. With 5 and k 
strips, the two methods yield almost the same result (T by error magnitude 
2.5 and k.5$ higher.). From 6 squares on, the matrix method yields 
markedly smaller values. These are spurious, and simply .due to an 
exaggerated bias term; for 2k squares and 125 observations (as in the 
2-scale display). The Miller-Madow term is about 5 bits/scale; thus, T 
would appear to be negative, which is absurd. The reason for this 
apparent paradox is that all possible stimulus-response combinations are 
given equal weight in computing the bias. In the case discussed, this 
is hot justifiable; hence the impossible result1. A method of computing 
the bias with unequal values assigned to different categories is not yet 
known; hence, the matrix method is not usable in the case discussed.
TABLE XVIII
Multiple Scales % .Information Transmitted 
(12-24 squares per strip)
a - First Three Scales
Squares
per
Strip
No. of 
Scales
Total
H(in)
Sub jec-b G Subject H Subject K Subject Pseale 1fo 0
Total
Scale No.
Total
Scale No.
Total
Scale No.
Total1 2 3 1 2 3 1 r 3 1 v 2 312 2
3 •
7*2
10*7
2.5
2.5
2.5
2.6 2.0
5.0
7.1
3.1
2.3
3.2
2.7 2.1 6.37.1
3.1
3.0
3.1
2 .7 3.0
6.2
8 .7
3.0
3.1
2.9
2.6 2.2
5.9
7.9
is1
1
2
3
4.2
8.3 
12.5
2 06
-»3
2.4
1.9 1.9
5.0 
- 6.1
2.6
2.2
2.7
1.9 2.1
5.3
6.2
3.7
3.2
2.9
3.0
2.4 2.8
3.7
6.2
8.1
3.3
3.0
3.0
2.9
2.3 2.4
3.3
5.9
7.7
2U1
1
2
3
4.6'
9.2
13.7
2.Q
2.1
2.6
Lo7 1.9
5.4
5.7
4.6
2.6 
L.8
2.5
1.6 1.4
4.6
5.1
4.8
^ 3
2.7
5.1
2.5
2.7 2.6
5.2
8.4
-
b - Total Transmission for Displays with more than 3 scales
Squares
per
Strip
‘ No. of 
Scales
Total
H(in)
T for Subject
v K P
12 5 IT. 9 11.4 11.16 21.5 10.0 12.6
7 25.1 _ 10.48 28.6 11.4
10 35.8 - 9.7
18 5 20.8 10.6 -
24 5 22.9 4.8 _ -
1 Color-coded for Ss G and H; black and white for K and P. 68-53
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VI. DISCUSSION
Of the three Situations studied, scale reading has been 
investigated most completely» The other two tasks, as far as examined, 
have.not given any results which do not fit into the pattern of scale
reading, Thus, our discussion will be limited to data obtained with\
scale reading.
VISUAL ANGLE
We have to consider the restrictions imposed upon information 
assimilation by the limited areas of good visual acuity.
The visual angles subtending the scale displays ranged from 3 - 12„6°. 
A display of five strips of three squares each, which is the largest 
number compatible with near perfect transmission, is subtended by a visual 
angle of 5°3« For four-square-strips, it is the same. For six-square- 
strips, the optimum occurs between 6 and 8 strips, or between visual angles 
of 4.5 to 6°. Thus far, the data suggest a limitation of the maximum gain 
of information to a visual angle of 5° or thereabouts.
However, an eight-square-strip subtends a visual angle of 6° and is 
compatible with perfectly good reading. The strips with 12 and 2k squares 
subtend visual angles of about 12°, and do not give the maximum amount of 
information gain. However, this is not due to poor recognition of 
markers located at the upper and lower end of the strip, outside the 6° 
angle. We have investigated specifically the amount of information gained 
from the two terminal squares (on both ends of the strip) and found they 
yield gains consistently superior to the squares in the middle. This, of 
course, is due to an anchoring effect; but, if there were a significant
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disturbance in perception, then the anchoring effect would not be able to 
overcome it as is the case.
We conclude that assimilation of information through perception of 
a marker on a scale is not restricted to the area’of maximum visual acuity.
On the other hand, such a restriction is found if fine details of shape are 
involved. Recognition of letters (of the type used by us) in the center of 
a single dial, at the point of fixation, yielded much information; recognition
r>°of letters in the centers of two dials, each by l.o off the visual axis, 
was much less successful. In putting letters on the scale marker, it was 
found that S's could read them well if they were within a region at the 
center of the strip subtended by an angle of 1°. Their performance deteriorated 
rapidly toward the periphery, becoming virtually zero at 2.5° off the visual 
axis. This is an interesting contract: letters and numerals are more effective 
as information inputs to man under conditions of optimum visual acuity; scales 
and dials transmit less information, but will do this over a much larger area 
of the visual field.
LIMITATIONS OF INFORMATION PROCESSING
(i) Span of Absolute Judgment and Logon Content. Figure 5 shows total 
information transmitted as a function of the number of scales and number of 
graduations per scale: a, actual data obtained from a single subject, b and £, 
at increasing degrees of idealization. We will begin our.consideration with 
the most idealized figure 5c» It shows the enveloping surface laid through 
the (smoothed) values of T for any combination of number of scales and H(in) 
per scale. The scales are logarithmic; hence, the domain of perfect 
performance corresponds to the plane:
log T a log H(in)/scale + log (number of scales)
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which forms a b5° angle with each axis. The enveloping surface coincides 
with this plane up to H(in) = 2 l/k bits and no. of scales = 5 l/2.
Increase of H(in) beyond 2 l/k bits and of number of scales beyond 5 l/2 
does not increase T. Hence, these two values determine two planes, each 
of which is parallel to one axis and forms a ^5° angle with the other.
If H(in) 2 l/k bits and no. of scales^. 5 l/2, T remains constant at 
12 l/2 bits; in this domain, the enveloping surface is a plane parallel 
to the base. Finally, for very high values of H(in) or no. of scales, 
no information transmission is possible; this is indicated by cutting of 
the figure with a vertical plane.
We have, thus, a simple conjunctive limitation : in the neighborhood 
of the peak transmission rate, the amount of information transmitted is 
limited by an information input of 2 l/k bits per strip, or by an
effective number of scales of 5 l/2, whichever imposes the lower .'limit.
>
The limitations concerning number of squares per strip is the limited 
"span of absolute judgment”. The limitation on the number of strips could 
be Miller's J "span of perceptual dimensionality" or his "span of immediate 
memory", depending on whether information about the different scales is 
read out from the immediate storage simultaneously or in succession.
Figure 5: Performance of S K in scale reading (log T vs. log H(in)/strip
and log no. of strips).
Figure 5a: Actual data (length of vertical posts represents log T)
Figure 5b: Smoothed data
Figure 5c; Simplified data (omitting the simple challenge effect, and 
the gradual transition to the limiting values).
6 8 -5 7
FIG. 5o.
FIG. 5 b.
FIG. 5c.
68-58
In either ease, the limitations can he expressed as one connected with a 
highest effective logon content.
There is no evidence of a limiting factor with the character of a 
channel capacity. If such a factor were present, then we should find a
doniain where there is compensatory trading of highest effective number
. \
of scales vs. highest effective information input per scale. We suspect 
that channel capacity is not a limiting factor because the performance 
in scale reading does not exhaust the informational capacity of a single 
unit process. We found that a combination of dial reading with letter 
recognition yields almost 18 bits per glance, and similar performances 
will be reported in the Part IV of this report series.
(ii) The Simple Challenge Effect. In the neighborhood of the 
peak transmission rate, a subject can assimilate up to 2.25 bits per 
scale. But, for a single scale, the transmission rate is up to bitsj 
from two scales, subjects can assimilate up to 6 bits, or 3 bits per 
scale (Fig. 5b). The peak transmission value per scale as a function of 
the number of scales is shown in Fig. 6. This is a particular instance 
of a phenomenon which we call the Simple Challenge Effect1^. In the 
case here considered, the informational challenge occurs in two modes?
S is informationally stressed by a large number of squares per strip 
or by a large number of strips. The challenge is compound if the stress 
is in both modes, simple if it occurs exclusively or mostly in a single 
mode (in this case: the number of squares) while the challenge in the 
other mode is small (i.e., with a small number of strips). If the 
challenge is simple, then the performance in the single mode stressed 
will be better than when there is a balanced challenge in both modes.
6 8 -5 9
U)
FIG.6. Information transmitted per scale
*
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Wfe have not tested for a simple challenge effect in the other mode, that 
is* by using a large number of binary scales; it is almost certain that 
a subject can perceive and assimilate information on more than 5 l/2 
binary scales.
The simple challenge effect seems to be of fairly general occurence. 
It occurred prominently in the investigation of sequential activities.
(iii) Confusion Effect. If the total information input is very high, 
then the information transmission is less than optimum. We find a large 
effect of this kind with the highest number of squares per strip, and a 
lesser one, with the highest number of scales used. Confusion effects, 
too, seem to be a very general occurrence in human information processing1^.
Simple challenge eifect and confusion effect complicate the relation 
between T, H(in) scale, and number of scales. This is expressed in the 
more complicated shape of Fig. 5b, as compared to Fig. 5c which does not 
take account of these effects.
(iv) Competition Between Information Components. By "information 
component" we mean here the contribution of a single display element,or 
logon, (scale, dial, letter) to the total information gained from the 
display. In Fig. 6, the number of bits per scale is seen to go down when 
the number of scales gets 6 or higher. This simply expresses the fact 
that not more than 12 l/2 bits can be assimilated with a single glance at 
multiple scales (at least under the conditions of our test); so, the 
average will vanish if the number of scales is raised to infinity. Thus, 
the phenomenon could be a trivial one; but it is not. The detailed 
examination of information acquired in different groups of scales, which 
was given in the preceding section, has shown, that the component contributed
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by the favored group of scales (nos. 1-4) decreased if the subject tried 
to acquire at the same time information about the additional scales.
This can only mean that there is some competition between information 
components for something involved in information transmission. This 
competition proves that information components acquired from independent 
sources interact with each other, and must therefore be unitized in the 
act of perceptiono
Information components related to two scales compete with each 
other with the result of reducing the capability for each scale by 
about l/5. Adding a third component has a less marked competitive 
effect; addition of a 4th, 5th, 6th and 7th scale produces still less 
change. Thus, the competition between information elements is a restricted 
one, affecting only a fraction of the information transmitted from each 
source.
The interaction between information elements is most likely to 
occur in some immediate stérage device in which the results of a 
perceptual act appear as units of some kind - the unit character being 
attested to precisely by the interaction of elements. The specifications 
of such perceptual units will depend on what is being perceived, on 
previous experience, etc. We submit the following extremely crude symbolic 
representation of a unit which might be involved in the performance we 
observed^«
t
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Our symbolic unit has the following parts: (i) a common storage 
element with an informational aapaeity of 2.5 bits, easily accessible, 
and available for storage of information from all elements; (ii) four 
storage elements with informational capacities of 1.7 bits each, 
available for storage of information concerning single elements only; 
(iii) two storage elements with 1.0 bit capacity, available for single 
elements only. The unit operates according to the following rule: 
each information element entering occupies the best available separate 
storage element, with excess information spilling over into the general 
compartment; all elements compete for space in the common element in 
proportion to their information content.
The specifications of the unit predict the following results: 
the first information element (scale) can occupy one "special” and all 
of the "general" compartment, for a total of 4.2 bits. For two scales, 
the unit provides 1.7 bits separate storage for each and 2.5 bits common 
storage facility, for a total of 5.9 bits shared equally. For 5 and 4
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scales, 7.6 and 9 .3 bits, respectively, can be stored, each scale 
getting an equal share. The 5th scale can place 1 bit in a separate 
compartment and competes with the other 4 for the 2.5 bits of the 
common compartment - this gives 2.2 bits for scales no. 1-4, 1.5 for 
scale no. 5> for a total of 10.3« For 6 scales, the numbers are 2.1 
bits for scales 1-4, 1.4 for scales 5 and 6, total 1 1 .3 bits. Additional 
scales will only compete for the common compartment; for instance, 2 
more scales should transmit 2/8 of 2.5 or .6 bits, each of the other 
scales being reduced by .1 bit.
Reference to Tables XVII and XVIII and Figures 4 and 5 will show 
that these figures come tolerably close to the observed data. Thus, 
while our crude symbolic model makes no claim of being close to any 
reality, it 4-oas accomodate the data on scale reading in a not too 
implausible fashion. In fact, it accomodates other data as well.
The results of a letter recognition test2 fit the model if all 
information capacities are multiplied by a factor 1.67= Another sma.11
adjustment makes the model conform with the results of an experiment
2xn recognizing playing cards.
v
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VII. APPLICATIONS
The results of these studies have an immediate application in engineering 
psychology s if maximum information transmission per glance is desired, then 
it can he best achieved by a balanced stress in both span of absolute judgment 
and order of complexity»
Another important conclusion is that in order to investigate inform­
ational limitations, one has to study a large domain of stimuli and combinations 
of stimuli» The traditional laboratory procedure is to study the limitations 
in one single mode, keeping the other one as simple as possible. For 
instance, one tends to study the limitation of number of graduations of a 4 
scale with a single scale, and on the number of scales that can be perceived 
with binary scales. Such experiments are valuable, but the data they yield 
are influenced by the simple challenge effect and do not apply in the 
neighborhood of optimum information processing»
Also, it is to be noted that for less than 5 scales, the peak transmission 
rate is limited by the number of scales, and for less than 5 squares, by 
the number of squares» This illustrates how experiments in a limited domain 
will lead to apparent contradictions»
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VIII. APPENDIX*
In the multiple-scale tests, all strips were presented vertically, 
since there is little difference in information transmitted from a single 
strip whether it is presented vertically or horizontally. The assumption 
that this applies to multiple strip displays is not necessarily correct 
and was tested in a separate experiment. It was found that the difference 
in information transmitted for vertical or horizontal strips is indeed 
small also for multiple strips, although it is statistically significant.
As an incidental finding, it turned out that the method of training has 
a marked effect on information transmission.
All displays used in this experiment were b x 12 checkerboards 
used in four different ways. The tall, narrow rectangle was used either 
as b vertical strips with 12 squares each, or 12 horizontal strips with 
k squares each. Similarly, the short, wide rectangle was used as 12 
vertical strips with k squares each, or as b horizontal strips with 12 
squares each. The information input for b strips with 12 squares per 
strip is lb.3 bits, for 12 strips with ^ squares each, 2b bits. The 
experimental procedure was the same as in the main experiment. Information 
transmitted was computed by the method of error magnitudes for the long 
strips and, by the matrix method for the short strips; the bias reduction 
term of Miller-Madow was used...
Four subjects were used in these tests, all undergraduate students 
with good eyesight. Each subject was trained on single strips with 12 
squares (both horizontal and vertical), and checked on the same strips
* Contributed by Dr. K.V. Wilson.
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after the experiment to test for possible learning effects. Each was tested
Aon all four multiple-strip displays. A systematic Latin Square design was• 0
used so that order effects could be controlled, at least in part, and *
evaluated.
Single strips were presented on 60 trials and multiple strips on 
2^0 trials. Each experimental session was about one hour long and consisted 
of 120 trials.
In the first session with single strips, subjects made an average 
of 5«6$ errors with the horizontal, and 8.3$ with the vertical strip.
After having gone through the four kinds of multiple-strip tests, the 
average error rate was 6 .8$ with the horizontal and 5.6$ with the vertical 
strip. Statistical analysis showed that none of the differences is
dsignificant.
<1
The results for the multiple strip displays are summarized in Table
XIX.
(i) The difference in transmission between horizontal and vertical 
displays averages 0.65 bits per display; differences of this size would 
not affect the conclusions drawn from the results of the main multiple 
strip experiments.
(ii) Shape effect: the two displays with tall narrow rectangles 
(b long vertical or 12 short horizontal strips) resulted in an average 
of 1 .1 bits per display less information transmitted than the two short
wide rectangles (k long horizontal or 12 short vertical strips). A
"v
plausible explanation of this result is the better visual acuity in the 
horizontal plane.
Due to the combination of these two effects, the display with k 9
I
long horizontal strips gives much better results than the one with ^ long
68-67TABLE XIX
Effect of Orientation 
a - Percentages of Errors
4 strips, 12 squares/strip 12 strips, 4 squares/strip
No. of 
Subject
Horizontal
Strips
Vertical: 
Strips
Horizontal
Strips
Vertical
Strips
1 33 30 43 49
2 21 39 bl S 48
3 21 38 45 37
4 28 bl bQ 46
Average 25*7 37.0 k5.9 44.9
b - Obtained Values 
(in bits)
of T
4 strips, .12 squares/strip 12 strips, 4 squares/strip
No. of 
Subject
Horizontal
Strips
Vertical
Strips
Horizontal
Strips
Vertical
Strips
1 8.3 8.0 5.1
-- -i--- - --- «—— —
3*9
2 10.3 8.2 3.8 3.9
3 9.8 7.4 4.2 6.h
b 9.2 7.2 3.4 4.0
Average 9-b 7.7 4.1 4.5
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vertical strips, while the display with 12 short horizontal strips is 
actually a little less effective than that frith 12 short vertical strips.
, (iii) Order of complexity; the four long strips gave an average 
of 8.7 bits of information transmitted; this agrees with the data in the 
main experiment. The 12 short strips gave only ko$ bits of information 
transmitted. This is very much lower than the value obtained in the main 
experiment. A detailed comparison reveals the following cause of the 
difference; in this test, the errors were equally *distributed over all 
strips. In the main test, the average number of errors is not much 
smaller, but the errors were not equally distributed; subjects there did 
markedly better on the k left-most strips. This unbalance results in a 
considerable increase of information transmitted. The difference in 
performance could be due to individual.differences (only k in this and 
only 2 S's in the main test),; however, the small individual differences 
within each of the two tests make this explanation unlikely. We feel 
that the difference is due to different training: in the main test, 
the number of strips was gradually built up,which could account for the 
S s concentrating on a limited number of strips on the left.
These three effects have statistical significance at the %  level 
or better.
(iv) Individual differences; no significant differences.
(v) There was no significant effect attributeable to the order 
in which the displays were presented. Also, there was no apparent 
increase or decrease from the l ’st to the Vth display presented. Thus, 
there appears to be no indication of a learning effect. However, this 
does not rule out a long term learning effect such as is postulated above.
A
*
*
l
^ *
68-69
REFERENCES
1. Attneave, F., The estimation of transmitted information when 
conditional probabilities are interdependent. In: "Information 
Theory in Psychology" The Free Press, Glencoe, Illinois, (1955)«
i * • * r ' v •
2. Augenstine, L», Blank, A.A., Wayner. W., Human Performance in 
Information Transmission, Part IV., Control Systems Laboratory, 
University of Illinois, Report R-69.?(1955)»
3. Blank, A .A., and Quastler, H., Notes on the Estimation of Information 
• Measures. Control Systems Laboratory, University of Illinois,
Report R-56, (195*0»
if. Coombs, CoH., and Kao, R.C., Nonmetric factor analysis. Eng. Res.
Bull. No. 39, U. of Mich. (1955)»
5. Coonan, T.J. and KLemmer, E.T., Interpolation and reference marks 
in reading a linear scale at brief exposures. Air Force Cambridge 
Res. Center, T.R. 55 -5 (1955)»
6 . Deininger, R.L., and Fitts, P.M., Stimulus-response compatibility, 
information theory, -and perceptual-motor performance. In: "Information 
Theory in Psychology", .The Free Press, Glencoe, Illinois, (1955)»
7» Garner, W.R., and Hake, H.W., The amount of information in absolute 
judgments. Psych. Rev. 58: kk6-k^ 9 (1951»
8 . Hake, H.W., A note on the concept of channel capacity in Psychology.
In: "Information Theory in Psychology, The Free Press, Glencoe 
Illinois, (1955)»
9. Kleramer, E.T., and Frick, F.C., Assimilation of information from dot
and matrix patterns» Jour. Exp. Psych. ^5: 15-19 (1955)»
10. Leonard, A., Factors which influence channel capacity. In:
"Information Theory in Psychology", The Free Press, Glencoe, Illinois
(1955). ' •
10a. MacKay, D.M., "The nomenclature of information theory". In: Cybernetics; 
Transact., 8th conf. H. von Foerster, editor, Joslah Macy, Jr., 
Foundation6 New York, (1952).
11. McGill, Wo, and Quastler, H., Standardized nomenclature. In:
"Information Theory in Psychology", The Free Rress, Glencoe, Illinois 
(1955)"» "
12. Miller, G.A., Note on the bias of information estimates. In:
"Information Tneory in Psychology", The Free Press, Glencoe, Illinois
(1955).
68-70
13. Miller, G.A., "The magical number 7 + 2, or some limits on our capability 
for processing information". To be published.
1^. Pollack, I., and Klemmer, E.T.,"The assimilation of visual information 
from linear dot patterns". A.F.C.R.C. T.R. 5k -16, July '5^ .
15. Quastler, H., and Wulff, V.J., Human Performance in Information
transmission I and II, Control Systems Laboratory, University of Illinois 
Report R-62, (March 1955).
l6o Quastler, H., Studies of human channel capacity. In Proc. 3rd British
conference on information theory Control Systems Laboratory, University 
of Illinois, Report R-71, (1955).
